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and Robb [1985g, 1985b] ). Little attention however seems to have been paid to the analysis of the efficiency of estimates obtained from panels or cross sections.
In this note we concentrate on the estimation of linear combinations , T~~~t -l~tut of the period means kt in the simple analysis of variance model yit -~t ; ai ; Eit (i -1, . ,N; t -1, . ,T)
where the 21 and Ei~are i.i.d. normal random variables with mean zero and variances 6a and aE respectively which are mutually independent and independent of the unknown constants ut. Moreover we discuss extensions to the analysis of covariance model yit -~t }~txit } ai } Eit
where the xit are observed and independent of ai end Eit and to (1) or (2) with linear restrictions on the time dependent parameters. Throughout this paper we assume for simplicity that the parameters 6á and oÉ are known a priori. If these parameters are unknown and replaced by consistent estimates the same results hold true asymptotically.
Let~denote the relative cost of interviewing T different individuals in T periods compared to interviewing the same individual T times. 
Analytical and numerical results for the analysis of variance model
Denote the maximum sample-size per period, given the available funds, if different individuals are interviewed each period by N and the fraction of the funds used to collect panel data by~, which implies that the first a~,N individuals will be reinterviewed every period while the remaining (1-a)N individuals will be replaced each period. The analysis of this type of data is advocated e.g. by Kish [1986] who refers to it as a split panel design (SPD). We will determine the optimal value of~as a function of n, p and the linear combination of ytt in (1) one is interested in. A similar analysis of the choice between pre-experimental observations and control groups in social experimentation has been presented by Aigner and Balestra [198~] .
It is well known (see e.g. Hsiao [1986, p. 34 ff.] ) that the efficient estimator of u' -(N1,...,u,I,) in (1) using only the panel part of the data is the Aitken estimator Hp (which is in this case identical to the OLS estimator) and that
with Vp -6eIT 4 aa~T~T~d~T is a T dimensional column vector of ones.
Analogously the efficient estimator based on the cross section information only is the OLS estimator ucs for which
with Vcs -(aÉ.csá)IT. Since up and ucs are independent the efficient estimator which uses all available data is given by
It is easily verified that 
VcsW -(1-P)-iC (n'P-1)IT -np{lt(T-1)P}-1~T~T ].
with eigenvalues dt -~,(1-p)-1-1 -d(t-1,...,T-1) and dT -n[l;(T-1)p]-1-1.
Usíng the equality of the first T-1 eigenvalues we obtain In some cases neither of the two conditions on~, the relative cost of interviewing T different individuals compared to interviewing the same individual T times, will be satisfied. If one is estimating changes in the means which implies~'eT -0 or c~-0 a pure panel will still be optimal if ,~) 1-p because dt ) 0(t-1,...,T-1). The counterpart of this result is the case of estimating the overall mean, where~is proportional to iT in which case a cross section will be optimal as long as n C lt(T-1)p.
If 1-p C~C lt(T-1)p and~is not proportional to iT nor~'iT -0 it is more difficult to obtain analytical results. However the optimal value of w , a, can easily be determined numerically because it will either be a solution to the quadratic first order condition for a minimum of (10) or a boundary extremum because~E[0, 1].
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As an illustration we present the optimal percentage of people reinterviewed every period, 100 a, as a function of p and T assuming that n-1 and that the aim is to estimate the period means as accurately as possible.
Moreover we present in table 1 the relative efficiency of the estimator based on this sample compared to an estimator based on a pure panel or a pure cross section (which yield equally efficient estimators in thia case). The maximum likelihood estimates of p-6a(oa } oE)-1 in (1) 
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where dXln and dX~denote the smallest and the largest eigenvalue of 4
respectively. In applications dXin and dX~can simply be estimated consistently if panel observations on xit are available.
In order to obtain some feeling for these results we have considered two special cases. A first special case is the one where xit can be assumed to be generated by the analysis oF variance model that was discussed in the previous sections, xit -~xt } axi } Exit (14) where the 2xi~d Zxit are i.i.d. random variables with mean zero and variances oxa and oxE respectively which are mutually independent and independent of the unknown constants uxt, which yields dXin -1-px and dXax -lt(T-1)p , with p-a2 (a2 ta2 )-1. For this special case conditions (12) x x xa xoc xE and (13) reduce to the earlier ones if px -1. If on the other hand there is no individual effect in the exogenous variable (px -0) either a pure cross section or a pure panel will be optimal because the right hand sides of (12) and (13) coincide. If neither (12) nor (13) holds the optimal value of~can be obtained along the lines sketched in section two.
In the second special case that we consider we only assume
This condition appears to be satisfied for many economic variables. If (15) holds, the eigenvalues of Q, ft (t-1,...T), satisfy 0( ft~1 t(T-1) max~t s t~s (16) because every element of 52 is non-negative and the right hand side is the largest eigenvalue of the matrix with diagonal elements equsl to 1 and off diagonal elements equal to max Qts, which bounds every element of Q. Using t~s 
and n ( 1-p
respectively.
In applied work often a priori restrictions on the parameters in (2 directly the bounds for optimality will reduce to .51 and 1.29 respectively, which again imply optimality of a panel design. Using the minimal eigenvalue to obtain upper bounds of~, for a cross section to be optimal yields n c.26 and n c.89.
In this note we derived a number of simple conditions which can be used to asses whether a panel or a cross section or a combination of both will yield most efficient estimates of some linear combination of time dependent parameters in a linear model. These results can be generalized in a straightforward manner to other models.
In the empirical analysis it was shown that if one is estimating period means, it will often unfortunately strongly depend on the linear combination of the time means to be estimated which type of data will be preferable.
If an exogenous variable with a relatively small individual effect, such as total expenditures on non-durables is included in the model the optimal design for the estimation of the regression ccefficients will be somewhat simpler to obtain. 
